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Description 

[0001] This invention relates to a low thermal expansion cast iron of the austenitic type, and in particular relates to a 
low thermal expansion cast iron that has extremely low thermal expansion, and whose castability, mach inability, and 
vibration absorption capability are adequately high. 

[0002] As is well known, cast iron is widely used as a basic industrial material. The reasons tor this are that this mate- 
rial has good castability so that it can easily be formed into a wide variety of complex shapes; cutting and working are 
easy; and material costs and melting costs are comparatively low, so that articles can easily be manufactured even in 
small scale works. 

[0003] Recently, however, many organic and inorganic materials other than metals, such as new plastics, have been 
developed. Functional materials making use of their respective properties are rapidly becoming widespread. In partic- 
ular, with the 
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development of the electronics industry, materials are being demanded that can provide high accuracy and superior 
function, for use in machine tools, measurement devices, forming molds, and other manufacturing machinery. 
[0004] To meet the above demands, cast iron materials are also being developed that have lower thermal expansion 
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coefficients, increased ability to absorb vibration, as well as resistance to heat and corrosion, in addition to the existing 
properties of cast iron. Examples are invar cast iron (36.5% Ni-Fe alloy), and Ni-resist D5 (ASTM A439 type D-5) cast 
iron, which is an improvement of this. The chemical constituents of typical examples of such cast irons are set out in 
Table 1 below. 

5 [0005] Invar contains 34% to 37% of nickel in the iron (hereinbelow, the proportions of ail constituents are expressed 
in terms of weight %). It has a low thermal expansion coefficient of about 1.5x1 O^AC in the neighborhood of ordinary 
temperatures (0 to 200°C). The mechanism of low expansion of this Invar alloy is based on a spontaneous volume mag- 
netostriction effect called the "Invar effect". 

[0006] Super-invar is prepared by alloying 4% to 6% of cobalt with the iron/nickel base. Its thermal expansion coeffi- 
w ciertt in the vicinity of ordinary temperatures is 0.5 x 1 0~ 6 /°C t which is even lower than that of Invar. However, since the 
abovemerrtioned Invar and Super-invar both have low castabiTrty. machinability, and ability to absorb vibration, their 
practical applications are limited to a fairly narrow field. 

[0007] The low thermal expansion cast irons indicated in rows 3. 4 and 5 of Table 1 have also been developed. For 
example, Ni-resist D-5 is obtained by alloying the same amount of nickel as in the case of Invar with a cast iron having 
is a graphite structure. It is formed by alloying 34% to 36% of nickel with iron having practically the same amount of car- 
bon, silicon, and manganese as ordinary ductile cast iron, rt maintains the castability. machinability, and ability to with- 
stand vibration which are the advantages of cast iron, and, in addition, provides resistance to heat and corrosion, as 
well as providing a low expansion coefficient, due to the "Invar effect". 

[0008] A further example of a material of this type is Novinite cast iron. This was disclosed in Japanese Patent Pub- 
20 lication No. JP-A-58-210149 (Sho. 60-51547). In this alloy cast iron, castability, machinability. and low expansion are 
achieved by alloying the same amounts of nickel and cobalt as in the case of Super-invar with ordinary ductile cast iron. 
[0009] However, the above-mentioned Ni-resist D-5 and Novinite cast iron do not have such a low expansion as Invar 
and Super-invar, due to the fact that they contain the same amount of carbon, silicon, and manganese as ordinary duc- 
tile cast iron. Specifically, according to the measurements made by the inventors of the present application, their 
25 respective thermal expansion coefficients have the large values of 5 x 10* 6 /°C and 4 x 10' 6 /°C in the range of tempera- 
ture 0°C to 200°C. 

[0010] Thus, the above-mentioned cast iron alloys are unable to satisfactorily meet modern requirements for further 
reduction of thermal expansion coefficient. Materials of even lower thermal expansion coefficient are required for recent 
precision devices and precision metal molding materials for FRP. 

30 [001 1 ] In order to provide a material that could cope with the above demands, having a thermal expansion coefficient 
below the prior art value of 4 x 1 0^C and having castability, machinability, and ability to absorb vibration, the inventors 
of the present application have investigated the relationship between the content of various alloying elements and ther- 
mal expansion coefficient and mechanical properties, carrying out numerous experiments and statistical analyses. As 
a result, they discovered a novel low thermal expansion cast iron, which is the subject of their Japanese Patent JP-A- 

35 1 -1 1 1 842 (Application No. Sho. 62-268249.) 

[0012] This low thermal expansion cast iron has the composition indicated in the last row of Table 1 . Specifically, in a 
cast iron having an austenrtic iron matrix, use is made of cast iron whose constituents are at least: carbon more than 
1.0% and less than 3.5%, silicon below 1.5%. nickel at least 32% and less than 39.5%. cobalt at least 1.0% and less 
than 4%. the total content of the abovementioned nickel and cobalt being less than 41%. The inventors discovered for 

40 the first time that, by using this cast iron, a low thermal expansion material could be provided having: 

(1) A low thermal expansion coefficient (2 x 10" 6 AC), and 

(2) Excellent castability, machinability. ability to absorb vibration, and mechanical strength. 

45 [001 3] Specif ically, as a result of a series of experiments of various types, the present inventors discovered that when 
1% to 4% of cobalt is added to cast iron containing 1% to 3.5% of carbon and 32% to 39.5% of nickel, and the silicon 
addition is set to a low level, below 1 .5% and preferably below 1%, cast iron is obtained whose thermal expansion coef- 
ficient is extremely small, but which yet has good castability and workability. Worked articles of higher precision can be 
provided by the development of this tow thermal expansion cast iron. 

so [0014] Due to increased equipment size and demands for higher precision, however, circumstances are frequently 
encountered in which the existing low thermal expansion cast iron is not completely adequate. For example, with recent 
advances in communications technology such as satellite broadcasting, the parabolic antennas used for the sending 
and receiving equipment have become very large, and these must be precision-worked to high accuracy. For example, 
for antenna reflectors, carbon fiber reinforced plastic (CFRP), which has high rigidity and corrosion resistance, is gen- 

55 erally used. However, since the thermal expansion coefficient of this CFRP is very small (about 1 .5 x lO^AC), in order 
to ensure high dimensional accuracy of the product even after forming, the metal mold for forming must be made of a 
material that has a thermal expansion coefficient of the same order. Consequently, a material is required whose thermal 
expansion is less than that of the existing metal mold materials, i.a, is at most 1 .5 x lO^AC, and which yet has excellent 
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mechanical properties. 

[001 5] ft is therefore an object of the present invention to provide an improved low thermal expansion cast iron com- 
position. 

[001 6] Another object of the invention resides in the provision of an improved cast iron which can have extremely low 
5 thermal expansion as well as high castability, machinability. and vibration absorption. 

[0017] It is a particular object of the invention to provide a low thermal expansion cast iron for can have a CFRP form- 
ing metal mold material, which has a thermal expansion coefficient of about 1.5 x lO'Vc, and preferably less, and 
excellent castability and machinability. 

[0018] In accomplishing the foregoing objects, there has been provided according to one aspect of the present inven- 
10 tion a cast iron having a graphite structure in an austenitic iron matrix and which contains in weight %, 1.0% to 3.5% 
carbon, up to 0.9% silicon, 29% to 34% nickel, more than 4% up to 8% cobalt, optionally 0.04 to 0.1% magnesium 
and/or up to 1 .0% manganese and the balance apart from any impurities if present being iron. 
[001 9] According to another aspect of the invention, there is also provided a mould element for forming a carbon fibre 
reinforced plastic antenna reflector, comprising a generally dish-shaped mould element made of a cast iron composition 
is having a thermal expansion coefficient of about 1.5 x lO'VC (at 0-200°C) and a composition as defined above. 

[0020] In order that the invention may be more readily appreciated and carried into effect embodiments thereof will 
now be described by way of example only with reference to the accompanying drawings, wherein: 

Fig. 1 is a graph showing the relationship between Ni and thermal expansion coefficient, 
20 Fig. 2 is a graph showing the relationship between temperature and thermal expansion coefficient taking the total 
content of Ni and Co in the cast iron as a parameter , 

Fig. 3 is a graph showing the relationship between total carbon content and solid solution carbon content. 

Fig. 4A is a plan view showing the shape of a mould for CFRP moulding cast in accordance with an embodiment 

of this invention , and 

25 . Fig. 4B is a cross-sectional view along the direction of the arrows IVB-IVB in Fig. 4A. 

[0021] The inventors discovered the minimum constituent conditions under which graphite can crystallize out in the 
alloy structure in the casting process, in order to improve castability and machinability; and further discovered appar- 
ently optimal component conditions for obtaining low thermal expansion. 

so [0022] Specifically, the low thermal expansion cast iron according to this invention is characterized in that, by weight 
%, the carbon content is preferably more than 1 .0% and not more than 3.5%, preferably more than 2.0% and not more 
than 3.0%. the silicon content is less than or equal to 0.9%, preferably less than 0.5%, the nickel content is more than 
29% and less than 34%, and the cobalt content is more than 4% and less than 8%. Preferably, in addition to the above 
constituents, the cast iron contains not more than 1 .0% manganese, preferably not more than 0.5%. and not more than 

35 0.1% magnesium. 

[0023] Preferably, the thermal expansion coefficient at 0-200°C for the cast iron compositions of the invention is not 
more than about 4 x 10- 6 AC, more preferably not more than about 3 X ICVC. even more preferably not more than 
about 2 x 1 0^AC, and most preferably about 1.5x1 0' 6 /°C or less. 

[0024] The above composition range has been established on the basis of a series of experiments and analysis of 
40 their results. 

[0025] The first of these results derives from finding the relationship between the thermal expansion coefficient and 
the contents of the various elements. The relationship shown by Equations 1 and 2 below was thereby obtained. 

^ Thermal expansion coefficient (x 10" 8 /°C) = 14.905 + 0.1 [solid solution C content] (%) + 1 .49 x [Si content) (%) (1) 
- 0.32 x [Ni content] (%) - 0.70 x [Co content] (%) + 1 .35 x [Mn content] (%) 

Thermal expansion coefficient (x 10 * 6 /°C) = -2.14 + 1 .75 [solid solution C content] (%) + 2.1 1 x [Si content] (%) (2) 
+ 0.14 x [Ni content] (%) + 0.28 x [Co content] (%) + 0.25 x [Mn content] (%) 

50 

[0026] Fig. 1 shows the relationship between the thermal expansion coefficient of Fe-Ni alloy and the Ni content As 
can be seen from this figure, if the Ni content is about 36%, the thermal expansion coefficient becomes very low. Equa- 
tion (1) is therefore the relationship for the thermal expansion coefficient obtained as a result of analysis of the various 
55 alloy elements in the region where the Ni content is lower than the Fe content which gives the minimum of the thermal 
expansion coefficient. 

[0027] In contrast Equation (2) is the relationship for the thermal expansion coefficient obtained by analysis of the 
various alloy elements in the region where the Ni content is higher than the Fe content which gives the minimum of the 
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thermal expansion coefficient Comparing the various coefficients in Equation (1) and Equation (2), it can be seen that 
the coefficient of the Si content (%) is largest. That is, it can be seen that the silicon content has the largest effect on 
the thermal expansion characteristic, with a positive correlation. It can therefore be understood that a lower thermal 
expansion coefficient is obtained by lowering the silicon content to the absolute minimum. 
5 [0028] Regarding the effect of the carbon content in an Fe-Ni alloy on the thermal expansion coefficient previously, it 
was thought that the total carbon content had a considerable influence. However, according to the results of the inven- 
tors, it was discovered that it is not the total carbon content that has this influence, but only the carbon content in solid 
solution. 

[0029] Next as a second result, the relationship between temperature and thermal expansion coefficient when the 
10 total content of Ni and Co was varied is shown in Fig. 2. As shown in this figure, the respective temperature versus ther- 
mal expansion coefficient curves for each specific Ni + Co content show a point of inflection B, at which the temperature 
dependence of the thermal expansion coefficient rapidly increases. Also, as the Ni + Co content is increased, the tem- 
perature corresponding to this point of inflection B (hereinbelow termed the point of inflection temperature) shifts 
towards the high temperature side. 
is [0030] Thus, it can be seen from Fig. 2 that, when the Ni + Co content increases, the point of inflection temperature 
shifts to the high temperature side. As a result, the thermal expansion coefficient in the range of practically used tem- 
peratures from normal temperature up to 200°C becomes high. In contrast, if the composition is set such that the point 
of inflection temperature is less than 325°C. preferably 200°C to 250°C, in the practically used temperature range (0 to 
200°C). a low thermal expansion coefficient can be obtained. 
20 [0031] By finding the relationship between this point of inflection temperature and the various element contents by 
experiment the inventors obtained Equation (3) below. 

Point of inflection temperature (°C) = 22.5 x [Ni (%) + Co (%)] - 22 x Mn (%) - 600.3 (3) 

25 [0032] From Equation (3). the discovery was obtained that it is possible to shift the point of inflection temperature fur- 
ther to the low temperature region by adding Mn. 

[0033] Next, as the third result, it was ascertained that, by reducing the solid solution carbon content and carbide con- 
tent, castability and machinability could be improved, and the ability to absorb vibration could be even further increased. 
That is, the carbon other than solid solution carbon is present in the form of graphite or carbides. Of these, the larger 

30 the amount of graphite crystallizing out, the smaller is the number of shrinkage holes during casting, thereby improving 
cutting workability, i.e., machinability; the ability to absorb vibration is also increased. On the other hand, when carbides 
are precipitated, this has the opposite effect, acting to produce microcavfties, with an adverse effect on machinability 
also, ft is therefore necessary to keep the solid solution C content and the amount of precipitated carbides as low as 
possible, and to keep the amount of graphite crystallizing out as high as possible. 

35 [0034] As the fourth result, the relationships between solid solution carbon content and mechanical strength indicated 
by Equations (4) to (7) was obtained. 

Tensile strength (Kgf/mm 2 ) = 19.6 + 93 [solid solution C content] (%) (4) 

<o Yield strength (Kgf/mm 2 ) = 4.8 + 135.5 [solid solution C content] (%) (5) 

Yo ung's modulus (Kgf/mm 2 ) = 6982.5 + 1 9750 [solid solution C content] (%) (6) 

Hardness (HB) = 128.6 + 133 [solid solution C content] (%) (7) 

45 

[0035] From Equations (1) and (2), in order to reduce the thermal expansion coefficient, it is desirable to decrease the 
solid solution C content However, as can be seen from above Equations (4) to (7), in order to increase the mechanical 
strength, it is necessary to increase the solid solution C content. An optimum range is therefore determined in order to 
simultaneously satisfy low thermal expansion characteristics and good mechanical characteristics. 

so [0036] Finally, as the fifth result, the relationship between solid solution carbon content and total carbon content was 
found and is shown in Fig. 3. As can be seen from this figure, the solid solution carbon content falls with increase in the 
total carbon content The reason for this is believed to be that, when the total C content is high, the graphite amount 
crystallizing out in the initial solidification period increases, playing the role of providing sites for the solid solution C in 
the vicinity to form stable graphite. Consequently, when the solid solution C amount decreases at the time when 6oIid- 

55 rf ication finishes, simultaneously the amount of C becoming carbide is diminished. The relationship between solid solu- 
tion C content and total C content in Fig. 3 is shown by Equation (8). 

[Solid solution C content] (%) = 0.65 - 0.20 [total C content] (%) (8) 
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[0037] Equations for the relationship between the total carbon content (total C content) and the various properties are 
derived by substituting this relationship of Equation (8) into Equations (1) to (7). 

[0038] The composition of the low thermal expansion cast iron according to this invention was determined in accord- 
ance with the knowledge obtained from the above experimental results. A more detailed description will now be given 
5 concerning the content ranges of the various elements. 

[0039] First of all, the carbon content is set from 1 to 3.5 weight %. preferably 1 .5 to 3 weight %. and even more pref- 
erably from 2.2 to 2.3 weight %. The carbon in the cast iron may be divided into carbon that has crystallized out as 
graphite and carbon in solid solution in the iron. In order to raise the castabit'rty. machinability, and low thermal expan- 
sion which constitute the object of this invention, the important point is to increase as far as possible the amount of car- 
jo bon that is crystallized out as graphite, and to reduce as far as possible the amount of carbon in solid solution. 
Regarding the relationship between total carbon content and solid solution carbon content in the cast iron, as can be 
seen from Fig. 3 and Equation (8), raising the total carbon content would be in accordance with the object of the inven- 
tion. However, the solid solution carbon content and amount of carbon crystallizing out as graphite have a targe influ- 
ence on the mechanical properties of the cast iron material. Specifically, the relationship between Vbung's modulus and 
75 total carbon content may be obtained, by substituting Equation (8) in Equation (6), as Equation (9) below. 

Yo ung's modulus (Kgf/mm 2 ) = 1 9820 - 3950 [total carbon content] (%) (9) 

[0040] That is. it can be seen that the Young s modulus decreases when the total carbon content is raised. 

20 [0041] The product to which the material of this invention is intended to be applied is a CFRP metal mould. When the 
material of this invention is used for this purpose, a Young's modulus of at least 9000 Kgf/mm 2 is needed. Consequently, 
from Equation (9). the required total carbon content cannot be more than 2.8%. Considering the possibility of applica- 
tion of the material of this invention to structural members for which a Young's modulus only of the order of that of alu- 
minium alloy is required, upper limit of the total carbon content can be extended as far as 3.5%. 

25 [0042] Also, the relationship between the thermal expansion coefficient and the various alloying elements may be 
derived from Equation (1) and Equation (8) as Equation (10) below. 

Thermal expansion coefficient (x 1 0 " 6 /°C) a 1 4.97 - 0.02 x [total C content] (%) + 1 .49 x [Si content] (%) (1 Q) 
30 - 0.32 x [Ni content] (%) - 0.70 x [Co content] (%) + 1.35 x [Mn content] (%) 

[0043] ft is clear from Equation (10) that the larger the total carbon content, the lower is the thermal expansion coef- 
ficient of the material, rt is therefore desirable that the total carbon content should be set to a value that is as high as 
possible. However, rf the total carbon content exceeds 3.5%, the solid solution carbon is decreased, causing a drop in 

35 mechanical strength and towered cast ability. 

[0044] On the other hand, the lower limit of the total carbon content may be determined from the relationship between 
the tendency for graphite to crystallize out and the thermal expansion coefficient. Specifically, the lower limit on the total 
carbon content for a sound graphite composition to be obtained is 1%. Below 1% insufficient graphite nuclei are pro- 
duced during solidification, resulting in formation of carbides, which greatly impairs machinability. For this reason, the 

40 total carbon content is 1% to 3.5%. preferably 2.0% to 3.0%. 

[0045] Next, the silicon content is set to below 0.9%. In the relationship shown in Equation (10), the coefficient of the 
silicon content is the largest, showing that the effect of the silicon content on the thermal expansion coefficient is large. 
Consequently, the lower the silicon content the lower the thermal expansion coefficient which is obtained. 
[0046] Silicon is an element that is necessary for promoting crystallizing out of graphite. However, unlike ordinary cast 

45 iron, the low thermal expansion cast iron of this invention contains about 30% of nickel, which constitutes a graphttiza- 
tion promotion element. K has therefore been found that the minimum content of silicon necessary to produce an inoc- 
ulation effect can be provided by adding, for example. 0.3% or more of silicon. Also, it has been found that, if graphite 
particles are used as inocutant, a satisfactory graphite composition can be obtained even if the silicon content is only a 
trace. However, in an ordinary casting site, iron-silicon is used as inoculant, and, in this case, a maximum added amount 

so of about 0.5% is satisfactory. 

[0047] Next, the content of manganese is set below 1 .0%. By adding manganese, the point of inflection B shown in 
Fig. 2 is shifted towards the low temperature side, which is effective in lowering the thermal expansion coefficient in the 
practically used temperature range of normal temperatures to 200°C. However, as in the case of silicon, if the manga- 
nese content exceeds 1%, there is the opposite effect, in that the thermal expansion coefficient is increased. The added 

55 amount of manganese is therefore set to below 1 .0%, and preferably less than 0.5%. 

[0048] Next, the Ni content is set from 29% to 34% The reason for setting it in this range is that if the Ni content is 

less than 29% or more than 34%, in either case, the thermal expansion coefficient is increased. 

[0049] Also, the Co content is set in the range of more than 4% up to 8%. If the Co content is less than 4%, the thermal 
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expansion coefficient is increased, but, if it exceeds about 8%, the point of inflection shown in Fig. 2 is shifted to the high 
temperature side, with the result that the thermal expansion coefficient in the practically used temperature range of from 
normal temperatures to 200°C is increased. 

[0050] It may be remarked that the appropriate ranges for the Ni content and Co content are affected by the carbon, 
s silicon, and manganese contents. From the experimental results, the Ni content for which the thermal expansion coef- 
ficient is a minimum is given by Equation (1 1) below. 

Ni content (%) at thermal expansion minimum ° 35 - 0.29 x [Co content] (%) 
io - 6.0 [0.65 - 0.2 total C content] (%) + 0.57 [Mn content] (%) + 0.45 [Si content] (%) (1 1) 

[0051] If, for the reasons described above, the total carbon content is 1.5%, the silicon content 0%, and the manga- 
nese content 0%, the Ni content (%) at the thermal expansion minimum is given by Equation (12) below. 

is Ni content at thermal expansion minimum (%) o 33 - 0.29 x [Co content] (%) (1 2) 

[0052] On the other hand, the total content of Ni and Co affects the temperature (inflection point temperature 0) cor- 
responding to the point of inflection B in the thermal expansion coefficient curve shown in Fig. 2. It also affects the value 
of the thermal expansion coefficient at this point of inflection B. In the range below point of inflection temperature 0. the 
20 temperature variation of the coefficient of thermal expansion is small, but, in the range above the point of inflection tem- 
perature 0, it rapidly increases. 

[0053] Equation (13) below was obtained by finding experimentally the relationship between the point of inflection 
temperature 0 and total Ni and Co content 

25 Point of inflection temperature 0 (°C) = 22.5 x [Ni content (%) + Co content (%)] - 600.7 (13) 

[0054] Assuming a CFRP metal mold that is to be used in the practical temperature range of from normal temperature 
to about 200°C as the use to which this cast iron of the invention is to be applied, if the point of inflection temperature 
0 is set at 200°C to 250°C, the appropriate range for the total content of Ni and Co is given by Equation (14) below. 

30 

Ni content (%) + Co content (%) = 36 to 38 (%) (14) 

[0055] From the relationships of Equation (14) and Equation (12), the optimum Ni content is calculated as from 29% 
to 33%, and the optimum Co content as from more than 4% up to 7%. These contents are therefore set in this compo- 
35 sition range. 

[0056] Magnesium is an element that is necessary for the crystallizing out of graphite in spherical form. Its content is 
set as up to 0. 1 weight %. If the magnesium content exceeds 0.1%, this is undesirable because of the formation of car- 
bides. It is therefore desirable that the magnesium content should be 0.04% to 0. 1%. 

40 Specific Preferred Embodiments 

[0057] A description will now be given with reference to specific preferred embodiments of this invention, referring to 
the figures and tables. 

45 Embodiment 1 

[0058] A metal mould for forming CFRP was cast as shown in Figs. 4(a) and b). The metal mould was of height 70 
cm. width 65 cm. thickness 6 cm, and weight 130 kg. For melting, a radio frequency electric furnace of 300 kg capacity 
was used, to melt material shown in Table 2 below. 



TABLE 2 



Material 


Composition 


Blending (percentage) 


Electrolytic nickel 
Ductile cast iron 
Cobalt 


100% Ni 

4.4%C-0.2%Si-0.1%Mn-Balance Fe 
100%Co 


30% 
30% 
6% 
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TABLE 2 (continued) 



Material 


Composition 


Blending (percentage) 


Pure iron 


100%Fe 


32.1% 


Carburizer 


100%Fc 


0.7% 


Inoculant 


Fe-45%Si 


0.2% 


Spheroidizer 


Fe-7%Mg 


1.0% 



10 

[0059] The composition, as indicated by Table 3 below, was an austenitic cast iron containing 2.0% carbon. 0.15% 
silicon, 0.03% manganese, 30% nickel, 6% cobalt, and 0.05% magnesium, and the balance impurities. Samples were 
taken with a sand-casting mold for a one inch keel block. The results of measuring the various properties are shown in 
Table 4. In Table 4, a thermal expansion coefficient of 1.5 x lO ^C, tensile strength 40 KgfAnm 2 , elongation 22%, and 

is Young's modulus of 12000 Kgf/mm 2 were obtained. 

[0060] The metal mold that was thus obtained was used in a process of press forming a pre-molded CFRP body, while 
heating at 200°C. Since the thermal expansion coefficient of CFRP is 1.0 to 1.5 x 10^/°C, it was possible to greatly 
improve the dimensional accuracy of the CFRP product by using the mold of this embodiment, which has a coefficient 
of thermal expansion which is close to that of the CFRP 

20 [0061 ] As described above, with the cast iron of the composition of this embodiment, a low coefficient of expansion, 
which is close to that of Invar alloy, can be obtained, while preserving castability, machinability and mechanical proper- 
ties of the same order as those of ordinary cast iron. 

Embodiment 2 

25 

[0062] As shown in Table 3, the total C content of the cast iron was made 2.8%, and the Si content 0.4%. Cast iron 
of this composition is used when improved vibration absorbing capability is sought. Specifically, by raising the total C 
content to 2.8%, a specific damping capacity of 1 7% is obtained, i.e.. a vibration absorbing capability of 4 to 5 times that 
of ordinary cast iron. Also, the hardness is about HB 125 to 135, i.e., the material shows a softness on the same order 
30 as that of aluminium alloy. In combination with the lubricating effect due to graphite, this is useful as a jig member for 
coupling and gripping without scratching the opposing member. Thus it can be used as a material for semiconductor 
and electronic manufacturing devices requiring high precision. 

[0063] As described above, a material is obtained having the ability to absorb vibration about 4 to 5 times that of ordi- 
nary cast iron (FC 30 material), and of softness on the order of that of aluminium alloy. 

35 

Embodiment 3 

[0064] As shown in Table 3, the carbon content of the cast iron was set to the low value of 1 .20%. The other constit- 
uents were practically the same as in the above embodiment In this case, there was a trace of graphite crystallization. 
40 As shown in Fig. 4, workability was within an acceptable range. 

Embodiment 4 

[0065] As shown in Table 3. the silicon content was set at the high value of 0.9%. The amounts of the other consti- 
45 tutents were practically the same as in the above embodiments. In this case, as shown in Table 4, the thermal expan- 
sion coefficient was somewhat higher, but still within the allowed range. 

Embodiment 5 

so [0066] As shown in Table 3, the manganese content was set to 0. 9%. The values of the other constitutents were prac- 
tically the same as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coefficient was 
rather higher, but still within the allowed range. 

Embodiment 6 

55 

[0067] As shown in Table 3, the maganese content was set to 0.7%. The values of the contents of the other consti- 
tutents were practically the same as in the above embodiments. In this case also, the thermal expansion coefficient was 
within the allowed range. It should be noted that, when the invention was put into practice with various contents of alloy- 
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ing elements, different from those of the above embodiments, but within the scope of the invention, cast iron having 
excellent characteristics similar to the above was obtained. 

Comparative Example 1 

5 

[0068] As shown in Figure 3, the carbon content was set to the extremely low value of 0.71 % The values of the con- 
tents of the other constitutents were practically the same as in the above embodiments. In this case, as shown in Table 
4. workability, castability and ability to absorb vibration were poor. 

10 Comparative Example 2 

[0069] As shown in Table 3, the carbon content was set to the high value of 3.6%. The other constituents were prac- 
tically the same as in the above embodiments. In this case, as shown in Table 4. the elongation and strength were low- 
ered, and a large number of casting defects were produced. 

is 

Comparative Example a 

[0070] As show in Table 3, the silicon content was set to the high value of 1 .2%. The other constituents were practi- 
cally the same as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coefficient was 
20 too high. 

Comparative Example 4 

[0071] As shown in Table 3, the nickel content was set to the low value of 28.0%. The other constituents were practi- 
25 cally the same as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coefficient was 
high. 

Comparative Example 5 

30 [0072] As shown in Table 3, the nickel content was set to the high value of 37.0%. The other constitutents were prac- 
tically the same as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coefficient was 
high. 

Comparative Example 6 

35 

[0073] As shown in Table 3, the cobalt content was set to the low value of 3.5%. The contents of the other constituents 
were practically the same as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coef- 
ficient was high. 

40 Comparative Example 7 

[0074] As shown in Table 3, the cobalt content was set to the high value of 8.2%. The other constituents were approx- 
imately as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coefficient was high. 

45 Comparativ e Example 8 

[0075] As shown in Figure 3, the total nickel and cobalt content was set to the high value of 42.5%. The other consti- 
tutents were practically as in the above embodiments. In this case, as shown in Table 4, the thermal expansion coeffi- 
cient was high. 

so 



TABLE 3 





Main Constituents (%) 




C 


Si 


Mn 


Ni 


Co 


Mg 


Embodiment 1 


2.0 


0.15 


0.03 


30.0 


6.0 


0.050 


Embodiment 2 


2.8 


0.4 


0.2 


29.5 


6.0 
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TABLE 3 (continued) 





Main Constituents (%) 




C 


Si 


Mn 


Ni 


Co 


Mg 


Embodiment 3 


1.20 


0.56 


0.25 


31.0 


5.5 


0.047 


Embodiment 4 


2.30 


0.9 


0.30 


31.0 


5.5 


0.052 


Embodiment 5 


2.32 


0.56 


0.9 


30.5 


6.0 


0.050 


Embodiment 6 


2.33 


0.55 


0.7 


29.0 


7.0 


0.050 


Comparative Example 1 


0.71 


0.60 


0.30 


29.5 


6.0 


0.050 


Comparative Example 2 


3.6 


0.8 


0.30 


29.5 


6.5 


0.050 


Comparative Example 3 


2.31 


1.2 


0.31 


31.0 


6.0 


0.048 


Comparative Example 4 


2.32 


0.56 


0.30 


28.0 


4.5 


0.050 


Comparative Example 5 


2.32 


0.50 


0.30 


37.0 


6.5 


0.062 


Comparative Example 6 


2.33 


0.52 


0.30 


32.0 


3.5 


0.045 


Comparative Example 7 


2.33 


0.54 


0.25 


30.0 


8.2 


0.048 


Comparative Example 8 


2.33 


0.52 


0.32 


34.5 


8.0 


0.060 
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[0076] As described above, with the cast iron of the constitutents according to this invention, a low thermal expansion 
characteristic of 1.5 to 3.0 x 10' 6 /°C can be obtained, while castabilrty and machinabilrty on the same order as that of 
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ordinary cast iron can be obtained. Also, rf required, the vibration absorbing capability can be raised to 4 to 5 times that 
of ordinary cast iron, and softness can be obtained of the same order as that of aluminium alloy. 

Claims 

5 

1 . A cast iron having a graphite structure in an austenitic iron matrix and which contains, in weight %: 

1 - 3.5% carbon 
0%- 0.9% silicon 
io 29 - 34% nickel 

more than 4% up to 8.0% cobalt, and optionally further containing: 
0.04 - 0.1% magnesium and/or up to 1 .0% manganese 
and the balance apart from any impurities if present being 

is iron. 

2. A cast iron according to claim 1 containing 0.15 to 0.9% silicon. 

3. A cast iron according to claim 1 or 2 containing 5.5% to 8.0% cobalt 

20 

4. A cast iron according to any preceding claim containing manganese in an amount of 0.03 to 0.5% by weight. 

5. A cast iron according to any preceding claim containing magnesium in an amount of 0.04 to 0.052%. 
25 6. A cast iron according to any preceding claim containing 2.0 - 3.0% carbon, preferably 2.0 to 2.33%. 

7. A cast iron according to any preceding claim containing 0.15 to 0.56% silicon. 

8. A cast iron according to any preceding claim containing 5.5 to 7.0% cobalt 

30 

9. A mould element suitable for forming carbon fibre reinforced plastic, comprising a generally disc-shaped mould ele- 
ment made of a cast iron as claimed in any preceding claim. 

1 0. Use of a mould element as claimed in claim 9 in the moulding of a carbon fibre reinforced plastic antenna reflector. 

35 

PatentansprOche 

1 . GuBeisen mit einer Graphitstruktur in einer austenitischen Eisenmatrix, das in Gewichtsprozent 

40 1 bis3,5%Kbhlenstoff, 

Obis 0,9 %Silizium, 
29 bis 34 % Nickel. 

mehr als 4 % bis zu 8,0 % Kobatt und wahlweise ferner 
0,04 bis 0,1 % Magnesium und/oder bis zu 1 ,0 % Mangan enthalt, 
45 und wobei der Rest neben irgendwelchen anwesenden Verunreinigungen Eisen ist 

2. GuBeisen nach Anspruch 1 . das 0,15 bis 0,9 % Silizium enthalt 

3. GuBeisen nach Anspruch 1 Oder 2, das 5,5 bis 8.0 % Kobalt enthalt. 

so 

4. GuBeisen nach einem vorhergehenden Anspruch, das Mangan in einer Menge von 0.04 bis 0,5 Gewichts-% ent- 
halt. 

5. GuBeisen nach einem vorhergehenden Anspruch, das Magnesium in einer Menge von 0,04 bis 0,052 % enthalt. 

55 

6. GuBeisen nach einem vorhergehenden Anspruch, das 2,0 bis 3,0 % Kohlenstoff. vorzugsweise 2.0 bis 2,33 % Koh- 
lenstoff enthalt 



13 



EP0 368 565 B1 

7. GuBeisen nach einem vorhergehenden Anspruch, das 0,15 bis 0.56 % Silizium enthalt. 

8. GuBeisen nach einem vorhergehenden Anspruch, das 5,5 bis 7,0 % Kobaft enthalt. 

5 9. Formelement, das sich fur die Formung von mit Kohienstofffaser verstarktem Kunststoff eignet m'rt einem im allge- 
meinen scheibenformigem Formelement. das aus einem GuBeisen hergestellt wurde. wie es in einem vorherge- 
henden Anspruch beansprucht wurde. 

10. Verwendung eines Formelemertts nach Anspruch 9 beim Formen eines mit Kohienstofffaser verstarkten Kunst- 
io stoff-Antennenreflektors. 

Revendications 

1 . Fonte ayant une structure en graphite dans une matrice en fer austenitique et contenant. en pourcentage en pokJs : 

is 

1 a 3.5% de carbons 
0%a0,9%de silicium 
29a34%de nickel 

Plus de 4% jusqu'a 8,0% de cobalt, et de maniere facultative, contenant en outre : 
20 0,04 a 0,1% de magnesium etfou jusqu'a 1 ,0% de manganese ; le reste, hormis toutes les impuretes etant le 

fer, le cas echeant 

2. Fonte selon la revendication 1 , contenant de 0,15 a 0.9% de silicium. 

25 3. Fonte selon la revendication 1 ou 2. contenant 5,5% a 8,0% de cobalt. 

4. Fonte selon Tune quelconque des revendications precedentes, contenant du manganese en une quantite comprise 
entre 0,03% et 0,5% en poids. 

30 5. Fonte selon I'une quelconque des revendications precedentes, contenant du magnesium en une quantite comprise 
entre 0,04 et 0.052% ; 

6. Fonte selon I'une quelconque des revendications precedentes, contenant 2,0 a 3,0% de carbone, de preference 
2,0 a 2,33%. 

35 

7. Fonte selon t une quelconque des revendications precedentes. contenant 0.1 5 a 0.56% de silicium. 

8. Fonte selon Tune quelconque des revendications precedentes, contenant 5,5 a 7,0% de cobalt. 

<o 9. Element de moulage approprie pour former un plastique renforc6 de f tores de carbone. comprenant un element de 
moulage generalement en forme de disque fabrique a partir de fonte selon Tune quelconque des revendications 
precedentes. 

10. Utilisation d*un element de moulage selon la revendication 9, pour le moulage d'un ret lecteur cTantenne en plasti- 
es que r enforce de fibres de carbone. 
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